The aim of the present study was to establish survival rates, as well as crestal bone loss (CBL) of narrow diameter implants (NDI), compared to regular diameter implants (RDI).
| INTRODUC TI ON
Implantologists are sometimes challenged by several arduous circumstances, such as narrow alveolar ridges, limited inter-radicular or mesiodistal spaces, and even reduced alveolar height. 1, 2 For such clinical situations, narrow diameter implants (NDI) have been indicated, which serve a satisfactory role, in particular avoiding the use of bone grafts and major surgical procedures, such as alveolar crest expansion. 3, 4 Clinical research indicates that the survival and success rates of NDI are comparable to regular diameter implants (RDI). 5, 6 However, with compromised mechanical strength, some researchers state that NDI have inferior mechanical strength and higher stress levels when compared to RDI. [7] [8] [9] In addition, with the exception of the higher risk of prosthetic complications, 10 RDI offer increased risk of crestal bone loss (CBL) compared to standard diameter implants.
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Numerous systematic reviews have been published that focus on the same subject. [12] [13] [14] However, there are several shortcomings in these studies that should not be overruled. The inclusion of high-risk bias studies, inadequate data abstraction from randomized trials, and different study designs combined in the same statistical effect model might have contributed to significant bias in the quantitative analysis. 12 Some other reviews did not perform statistical analyses, and thus presented findings as comprehensive outcomes. 13 A recent systematic review and meta-analysis was published that evaluated survival rates and CBL of titanium-zirconium alloy compared with commercially-pure titanium implants. 14 This systematic review was based either on alloy materials that focused on the physical properties of the implants and focused exclusively on the survival rates without considering CBL.
To date, there has been no systematic review published that has considered CBL as an outcome for NDI compared with RDI; however, survival rates have been assessed. In the current systematic review and meta-analysis, we aimed to establish survival rates, as well as CBL of NDI compared to RDI.
| MATERIAL AND ME THODS

| Protocol development and eligibility criteria
The current review followed the Enhancing the QUAlity and The following eligibility criteria were entailed for this review according to PICOS. 16 The type of studies was retrospective or prospective clinical studies consisting of both randomized, controlled clinical trials (RCT) and non-randomized RCT. The participants were those receiving dental implants, the intervention of interest was NDI, and the outcome measures for survival rate and peri-implant CBL.
In order to address the aim of the present study comprehensively, parameters, such as survival rate and CBL in millimeters, were further reported. Studies were excluded if both outcomes were missing.
Articles published only in the English language were included in the present review. In vitro studies including case reports and case series; studies of implants with diameters >3.3 mm, including animal studies; review articles; and unpublished articles were excluded. 
| Search strategy
| Data extraction
The information from the accepted studies was tabulated according to participants' demographics, type of dental implant (total number, brand, dimensions), attachment and loading type, follow up, main outcomes, survival rate, CBL, patient satisfaction, and complications. Data collected were based on the focused question outlined for the present systematic review.
| Risk of bias in individual studies
The risk of bias in RCT was assessed based on the revised recommendations of the Consolidated Standards of Reporting Trials statement. 17 The risk of bias was estimated for each selected RCT based on the Cochrane Handbook for Systematic Reviews of Interventions. 18 Briefly, subsequent sections were considered: selection bias (randomization and allocation concealment), performance bias (blinding of study participants and personnel), detection bias (blinding of outcome assessment), incomplete outcome data (attrition bias), selective reporting (reporting bias), and other biases. Studies were classified as having high risk of bias (high), low risk of bias (low), or unclear (?) for each of these sections.
Overall, studies were considered as: (a) low risk of bias if all criteria were met (adequate randomization and allocation concealment; "yes" answer to all questions about the completeness of outcome data and blinding, and "no" answer to selective reporting and other sources of bias); (b) unclear risk of bias if one criterion or more was partly met; or (c) high risk of bias if one criterion or more was not met. The quality of studies other than RCT was assessed using the Newcastle-Ottawa Scale. 
| Quantitative analysis
In the present review, meta-analyses were conducted for CBL and survival rates. In addition, heterogeneity among the included studies for each outcome was assessed using χ 
| RE SULTS
| Study selection
The searches from the electronic databases ( 
5,11,21
All studies were performed at either universities or private dental clinics.
5,6,11,21
| General description of the included studies
The study design of two clinical studies were retrospective: 11,21 one was a prospective non-randomized study, 6 and the other was a splitmouth RCT. 5 These clinical studies were performed in Brazil, 5 Sweden, 6 Italy, 21 and the Netherlands. 11 In all studies, the number of participants ranged between 22 and 119, and the age range was 17-93 years. 5, 6, 11, 21 All studies reported the number of female participants, which ranged between 10 and 74. 5, 6, 11, 21 The total number of NDI was 205, whereas the total number of RDI in the included studies was only 134. Three studies placed implants in the posterior jaws, 5, 11, 21 while only one study placed implants in the anterior zone. 6 In all studies, 5, 6, 11, 21 the survival rate ranged from 93.1% to 100%. CBL was evaluated in all of the studies. 5, 6, 11, 21 In addition, patient satisfaction was reported in only two studies. 6, 11 In all of the studies, the follow-up period ranged from 3 to 5 years. The quality of one study was high, as it had a low risk of bias, 21 whereas the quality of three studies 5, 6, 11 was unclear. The source of funding was reported in three studies, 6, 11, 21 of which two studies 11, 21 were self-funded and one study 6 was government funded (Table 1 ).
| Main outcomes of the included studies
Qualitatively, three clinical studies showed comparable CBL and survival rates between NDI and RDI at follow up. 5, 6, 21 Only one study
F I G U R E 1 Preferred Reporting Items
for Systematic Review and Meta-Analysis (PRISMA) flow diagram for studies retrieved through the searching and selection process showed increased CBL around NDI compared to RDI. 11 For quantitative data assessment, a meta-analysis was performed. Three studies presented data to be included in the meta-analysis considering the effects of CBL and survival rates between NDI and RDI. 5, 11, 21 Only data presented for posterior implants analyzed for peri-implant parameters in meta-analyses were considered. One study evaluated implants in the esthetic zone, thus that study was excluded from the meta-analysis. 6 Significant heterogeneity was observed only for CBL; therefore, the random-effects model was employed. The fixed-effects model was used for survival rate analysis, as heterogeneity was found to be statistically significant.
Three studies were included in the meta-analysis for the evaluation of CBL between NDI and RDI. 5, 11, 21 Considering the CBL analysis, a high degree of heterogeneity for CBL (Q value = 6.35, P=.041, I 2 = 68.5%) was noticed among both groups. However, no significant heterogeneity was found between NDI and RDI for the survival rate analysis (Q value = .80, P=.36, I 2 = 0%). The overall WMD for CBL (WMD = .06, 95% CI = -.38-.51, P=.76) ( Figure 2 ) and risk difference for survival rate (risk difference = .88, 95% CI = .22-3.50, P=.85) ( Figure 3) were not significant between the NDI and RDI groups at follow up.
| Publication bias
Funnel plot of mean CBL at follow up indicated that all three studies were close to the CI area margin and demonstrated certain asymmetry, suggesting publication bias regarding CBL during the follow-up period (Figure 4 ).
| D ISCUSS I ON
The present systematic review and meta-analysis aimed to answer the focused question based on the overall survival rate and mean CBL around NDI compared to RDI. The findings of the present study showed that NDI and RDI showed comparable survival rates and CBL.
The classification of NDI is difficult due to the lack of consensus with regard to its definition. 22 Implants with diameters ranging from 3.3 to 3.7 mm are considered standard diameter implants or RDI by some researchers. 23, 24 However, in the present systematic review and meta-analysis, NDI in the included studies were defined as dental implants with ≤3.3 mm, which is in accordance with Klein et al.'s classification. 4 While the diameter range of NDI is debatable, the 3.3 mm diameter size addressed in the present study is regarded as a narrow diameter form of implant by all of the included researchers. 5, 6, 11, 21 In the present study, a total of 205 titanium NDI and 134 titanium RDI were included. 5, 6, 11, 21 These unmatched number of dental implants were further analyzed for CBL and survival rates in the meta-analysis. The outcomes of our meta-analysis did not show significant overall effect with regard to CBL and survival rates for NDI compared to RDI, and the survival rate of both implants was relatively similar. Nevertheless, there was a favorable trend toward the NDI group for survival rate and slight favorable CBL toward the RDI group. The comparable effect could be due to the unmatched number of dental implants. When considering implant failure for TA B L E 1 General description and implant related characteristics of the included studies in reversed chronological order NDI and RDI, it is noteworthy that none of the losses occurred due to implant fracture. This leads to the understanding of implant material and physical properties. The present review focused only on the diameters of the dental implants. The study of the comparison of materials/alloys that enhance the mechanical properties of the dental implants would have given different outcomes. 25 Therefore, Prospective and retrospective studies (despite their different study designs) for the meta-analysis for NDI and RDI in the posterior jaw were included for their relative WMD, enriching the analysis.
Furthermore, during the screening of abstracts and titles for the inclusion of potential studies in the present systematic review, there were numerous other studies on NDI, but without control groups (RDI). Future RCT should be performed that report CBL and survival rates around NDI compared with RDI.
The present study did not consider prosthetic and biologic complications. These factors should be considered when addressing NDI. Some of the causes that can be related to these complications are defects in implant design or material, non-passive fit of the prosthetic framework, occlusal overload, and implant diameter. 26, 27 The present systematic review only considered studies in the English language. This could have resulted in publication bias, with potential relevant studies published in other languages being missed. 28 With regard to the technical limitation, it is noteworthy that only one author performed screening and data abstraction.
The involvement of multiple authors performing independent screening could result in the eligibility of pertinent studies being missed from screening and data extraction by a single author alone.
In addition, only one of the included studies had a low risk of bias, 21 whereas the quality of the other three studies was unclear. 5, 6, 11 Despite good clinical results of NDI, 29, 30 its mechanical properties should not be considered as the sole determinant for clinical success. The data and meta-analysis presented in the present review are not sufficient to estimate the long-term success and implant failure of NDI. However, the 3-and 5-year results of the studies included in the present review did not demonstrate any significant differences.
Therefore, longer follow-up periods, different prosthetic conditions, and further RCT are warranted to confirm the findings of this metaanalysis, as well as to evaluate the variables that could influence the results of the clinical studies. These methodological shortcomings should be cautiously considered when interpreting the findings of the present study.
| Conclusion
NDI and RDI showed comparable CBL and survival rates. However, the findings of the present study should be interpreted with caution due to significant heterogeneity and the low number of included studies.
Further RCT should be performed in order to obtain strong conclusions.
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